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A male sterile Chinese cabbage (Brassica campestris L. ssp. chinensis Makino) was 
examined using cytological, cytochemical, calcium-potassium antimonite 
depositional, ATPase-lead nitrate depositional, and programmed cell death methods 
to characterize the development of fertile anther and the mechanism of pollen 
abortion in sterile anther of this plant. Some molecular biological methods were also 
used to clone the gene segment which correlation with the male sterility. The results 
as following: 
(1). Comparing the structure of fertile and sterile anthers using light microscopy, we 
found that there was no difference before microspore mother cell meiosis stage. 
After MMC meiosis, however, pollenkitt substance was unevenly accumulated on 
the surface of early microspores of sterile anthers. As the abnormal microspores 
continue to grow, their cytoplasm becomes less and shrinks. Subsequently, the 
plasmolysis occurred and cytoplasm of aborting microspore separated with its 
abnormal exine. Finally, only some exine vestiges left in locule of sterile anther. The 
pollen abortion occurs in the early microspore stage in this male sterile plant when 
observed by light microspore. 
(2). Polysaccharides and lipid was characterized during fertile and sterile anther 
development using cytochemical methods. There were no differences in distribution 
of starch grains and no lipids in fertile and sterile anthers before the meiosis of 
microspore mother cell. After the early microspore stage, the number of starch 
grains in the connective tissue and anther wall decreased in fertile anthers and some 
lipid droplets appeared in tapetal cells. Then the lipid droplets also appeared in 
pollen. The tapetal cells of sterile anthers, however, appeared red color which 
suggested some polysaccharides in the cell, but no lipid droplets appeared in the 















the connective tissue and anther wall, and transform them into lipid to supported 
pollen development. The tapetal cells of sterile anthers, however, didn’t transform 
polysaccharides into lipid because of the pollen abortion. 
(3). The differences of ultrastructure between fertile and sterile anthers was also 
conducted. The earliest abnormal phenomenon in sterile anther was nucleolus of 
sporogenous cells locating in the edge of nucleus. During microspore mother cell 
development, callus wall surrounding the cell displayed uneven in the thick and 
discontinuous, and then some cytoplasm leaked out of the cell from some rifts in the 
wall. After meiosis of microspore mother cells, the cells of tetrad were irregular and 
some of them contained more than one nucleus in the cell. The evident disorder 
during exine formation in the sterile pollen occurred during its primexine formation 
and then the sporopollenin was irregularly deposited to form a layer of uneven and 
discontinuous pollen exine. Cytoplasm of aborting microspores contracted and 
finally degenerated after they released from tetrad. During the late microscope stage, 
the tapetal cells appeared disorder in synthesizing lipid material. Therefore, aborting 
microspore induced the functional default of tapetal cells synthesizing lipid material.  
(4). Calcium distribution in the fertile and sterile anthers was tested using Potassium 
antimonite. During fertile anther development, calcium granules increase evidently 
in anther wall cells after meiosis, and then they appear in locule, suggesting calcium 
influx into locule from anther wall cells. Calcium granules also appear in microspore 
cytoplasm at the early stage, and then they are mainly accumulated on the membrane 
of small vacuoles which are fusing to form a large vacuole, making a polarity in the 
cell and preparing for asymmetry division of microspore. After microspores division, 
the big vacuole decomposes, and many calcium granules again accumulate on the 
membrane of small vacuoles, displaying calcium regulating vacuole formation and 















distribution first appears in callus wall of microspore mother cell. However, only a 
few calcium granules appear in the cytoplasm of early microspores which then can 
not form small vacuoles and a big vacuole. The aborting microspores degenerate by 
cytoplasm shrinking. The different patterns of distribution of calcium granules in the 
fertile and sterile anther indicated that anomalies in the distribution of calcium 
accumulation correlate with the failure of pollen development and pollen abortion. 
(5). Mg2+-ATPase in the fertile and sterile anthers was located by Lead nitrate. 
During fertile anther development, the ATPase deposits increase evidently in the 
cytoplasm and nucleolus of MMC. After the meiosis of MMC, the ATPase deposits 
reach the most in the tetrad stage, and then decrease in the late microspore 
development, at last fully disappear in the bicellular pollen. The tapetal cells of 
anther wall have functions of synthesizing and transporting the nutrition material 
into locule, so there are much ATPase deposits in the tapetal cells during the early 
stages of microspore development. After that, the ATPase deposits in the tapetal cells 
decreased evidently. Furthermore, ATPase deposits in the inner surface of tapetum 
are more than the outer surface, suggesting that the primary function of tapetum is to 
transport the nutrition materiel into locule. There was no large difference in the 
distribution of Mg2+-ATPase between the fertile and sterile anther.  
(6). Comparing the DNA electrophoresis of fertile and sterile anthers during both 
developments, we found that the fertile anthers DNA appear ladder’s distribution 
after early microspore stage. The ladder’s distribution of DNA is a character of 
programmed cell death. However, the DNA of sterile anthers starts to appear 
ladder’s distribution in the MMC stage. From the results of ultrastructure and DNA 
electrophoresis, we confirmed that the ladder’s distributed DNA in fertile anthers 
was arose by the programmed cell death of tapetal cells, but the ladder’s distributed 
















(7). The technology of PCR was used to clone the gene which controls male sterility 
in this plant. A gene segment about 890bp was differentially screen out from the 
sterile genome. Comparing the sequence of the gene segment with the Arobidopsis 
genebank, we found the gene segment was about 33% homologous to the gene of 
Arobidopsis MS5. The MS5 gene controls the cell meiosis, and its mutation ms5 
displays abnormal process of meiosis in anther. Furthermore, we used the gene 
segment cross with the fertile and sterile genome respectively, we found that the 
gene segment coexists on the fertile and sterile genome, but its copys and location 
are differences between both anthers. The difference of location maybe was resulted 
by the mutation and recombination, and the difference of copys may affect the gene 
expressive production. Therefore, it is the gene segment that controls male sterility 
of the Chinese cabbage. 
 
Key words: Chinese cabbage; Male sterility; Cytochemictry; Ultrastructure; Ca2+ 



































































































ATPase 活性。减数分裂完成后，四分体细胞内的 ATPase 活性达到最高。以后






6. 用 DNA 梯状电泳技术比较研究了可育及不育花药各个发育时期的总 DNA
电泳情况，发现可育花药的总 DNA 在小孢子发育早期开始出现细胞程序死亡的














































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
